This investigation introduces the use of an immunoglobulin A mouse myeloma protein for the detection of Salmonella spp. in milk. The immunoglobulin A protein M467 reacts with flagellin from a wide variety of serotypes. Two assays were developed which used an enzyme-linked immunosorbent assay (ELISA) and M467. Alkaline phosphatase was conjugated to M467 (M467-PH), and the presence of Salmonella dublin was detected by a competitive solid-phase ELISA and a membrane filtration ELISA. The competitive assay competed viable Salmonella spp. found in contaminated milk against polymerized flagellin or whole bacteria fixed to polyvinyl plates for binding by M467-PH. The membrane filtration method utilized a hydrophilic membrane for filtering the bacteria, which were then detected by the reaction with M467-PH and substrate. The sensitivity of the competitive solid-phase ELISA was 103 bacteria ml-1, whereas the filter membrane assay required the media containing the bacteria to be cultured in enrichment medium for 4 h before the assay to ensure detection. Either assay could be run within a typical 8-h work day. The filter membrane assay was not suitable for milk due to the high level of natural alkaline phosphatase activity in the liquid food.
We have described in previous reports how monoclonal antibody (M467) of the immunoglobulin A isotype, derived from the MOPC-467 mouse plasmacytoma, bound flagellar protein associated with many species of Salmonella bacteria (3, 5) . The M467 myeloma protein has been shown to react with structural peptides of the protein flagellin, and apparently these peptides have been highly conserved among Salmonella spp. (4) . This cross-reactive property of M467 provided the opportunity to investigate the feasibility of its use in immunodiagnostic assays for the detection of Salmonella spp. in food products. Our immediate interest was the detection of Salmonella spp. in raw milk. The most reliable indication of the sanitary quality of milk was the standard plate count, which required 24 h of incubation. Definitive identification of Salmonella spp. required further chemical and immunological assays, all of which increased the total length of time necessary to hold the raw milk. It was important to design a diagnostic system that required less time and was reliable.
Although a radioimmunoassay method that uses M467 had been reported (4), the enzymelinked immunosorbent assay (ELISA) was the method of choice for this study due to the innate problems associated with the use of isotopes in many laboratories. The ELISA method reported here was the basis for two separate assays, a solid-phase competitive assay done in microtiter plates and a membrane filtration system. Both methods proved to have the sensitivity to detect 103 Salmonella spp. ml-' in either milk or culture media. Assuming that a food product originally contained <103 bacteria ml-', such numbers could be obtained by culturing in enrichment broth for a short period of time while still having the time to complete the assay in a single work day. The problem of high natural alkaline phosphatase activity in foods such as milk will be discussed.
MATERIALS AND METHODS M467 preparation and alkaline phosphatase labeling. M467 monoclonal antibody was purified from ascites fluid from BALB/c mice carrying the MOPC-467 plasmacytoma as previously described (6) . Flagellin was coupled to CH-Sepharose 4B (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) through carbodiimide (Sigma Chemical Co., St. Louis, Mo.). The flagellinSepharose 4B was used to form an affinity column from which M467 was eluted with 0.2 M glycine-HCI-from Sigma. Working dilutions of M467-PH were determined by reacting various dilutions against 20 ng of flagellin fixed to polyvinyl wells as described below. The 20-ng concentration of flagellin was previously found to be optimal for providing a sensitive assay for the binding of M467 (4) . Dilutions were used which produced an absorbance value at 405 nm (A405) of approximately 1.0 after reaction with substrate when read on a Multiskan spectrophotometer (Flow Laboratories, McLean, Va.). All dilutions of M467-PH were made in phosphate-buffered saline (PBS), pH 7.4, containing 0.5% Tween 20 (PBS-T20; Sigma).
Flagella preparation and fixation of antigens to polyvinyl tissue culture plates. Polymerized flagellin (POL) was prepared as previously described (5) without modification. POL was kept as a lyophilized preparation until used. For fixation to 96-well, flat-bottom polyvinyl tissue culture plates (3040 Microtest II; Falcon Plastics, Oxnard, Calif.), POL was suspended in deionized water at a concentration to deliver 20 ng 20 ,ul`unless otherwise noted in Results. The POL was allowed to air dry in a 37°C incubator. After drying, 0.1 ml of methanol was added and allowed to stand for 5 min followed by a 0.1 ml well -1 wash with PBS. Finally, 0.3 ml of 10% bovine serum albumin (radioimmunoassay grade; Sigma) in barbitol-buffered saline, pH 8.6, was added to each well. After a 1-h incubation at room temperature (RT), the wells were washed with PBS. Bacteria were fixed to polyvinyl wells by pipetting 108 organisms in 50 ,ul of deionized water into each well. The cells were air dried overnight and were fixed by adding 0.1 ml of 0.15% glutaraldehyde in PBS. After a 5-min incubation at RT, the reaction was ended by the addition of 0.1 ml of 0.15 M glycine in PBS containing 1% bovine serum albumin. The plates were flicked dry and filled with PBS with 10% bovine serum albumin for 1 with flagellar proteins in a solid phase for the binding of M467-PH. Bacteria were suspended in PBS-T20, BHI-YE, or raw milk. The media containing the bacteria were centrifuged at 30,000 x g in a model 21 Beckman refrigerated centrifuge for 10 min. The pellet was resuspended in 3 ml of a working dilution of M467-PH, agitated, and incubated at RT for 1 h. After incubation, the reactants were centrifuged at 30,000 x g for 10 min. The supernatant was sampled by pipetting 0.3 ml into each of five wells containing fixed POL. After a 3-h incubation at RT, the microplates were emptied by flicking. The wells were washed three times with PBS-T20, allowing 3 min for each wash. After the final wash, 0.2 ml of the substrate p-nitrophenyl phosphate at a concentration of 1 mg ml-' in diethanolamine buffer (7) typhimurium POL was the solid-phase antigen, the sensitivity of the assay was reduced to >108 bacteria ml-'. Also, it was apparent ( Table 2) that the sensitivity diminished when the concentration of the "Hi" inhibitor POL in each well was reduced from 20 to 10 ng. An increase in the concentration of POL above 20 ng well-1 of a "Hi" inhibitor will increase the A405 value, but the sensitivity of the assay is not increased (data not shown). It was concluded from the data that, when M467-PH was reacted with viable Salmonella spp. in low numbers and subsequently added to POL from a Salmonella spp. for which M467 has a high avidity, inhibition of binding of M467-PH to the solid-phase antigen can be readily detected.
Detection of S. dublin by a competitive ELISA. Detection of S. dublin by membrane filtration and M467-PH. As an additional method for the detection of Salmonella spp., a membrane filtration system was studied. A number of commercially available membranes were tested for low nonspecific retention of the M467-PH reagent. The hydrophilic HVLP filters from Millipore Corp. consistently afforded the lowest background activity and were used throughout the experiments.
In the first studies, 1 106, and 108 S. dublin bacteria in PBS were placed on individual membranes and processed. The system was found to be sensitive enough to detect 108 bacteria ml-1.
Therefore, due to this low sensitivity, various concentrations of both S. dublin and S. milwaukee from 103 to 107 ml-1 were cultured in 20 ml of BHI-YE for 4 h at 37°C. At the end of 4 An innate problem encountered with the alkaline phosphatase enzyme system was found when working with raw milk. Milk without S. dublin was diluted in PBS-T20 or BHI-YE and filtered through HLVP filters. Extremely highbackground A405 values were noted which were due to natural alkaline phosphatase activity in raw milk since heating the milk at 92°C for 3 min significantly lowered the background. However, enough sensitivity in the Salmonella spp. detection system was lost due to the heating to make the assay not feasible for raw milk. We have shown that a competitive solid-phase assay done in microtiter plates, using the ELISA system, provides the sensitivity to detect 103 Salmonella spp. ml-1 in a reproducible manner. Although many laboratories have the equipment needed for the solid-phase assay as standard equipment, it may be that the average number of assays run in a given day would not warrant the use of 96-well plates. An alternative using the same methodology as with the microplates are individual polystyrene tubes (10 by 75 mm) with POL bound in the solid phase. This single-tube method was used in our laboratory before the microplate and also allows one to use any spectrophotometer capable of reading A405.
DISCUSSION
An optional method we have developed for detecting Salmonella spp. is membrane filtration, using a hydrophilic membrane. The sensitivity of the filtration system for the initial detection of Salmonella spp. in numbers below 108 was not acceptable. However, by using an enrichment medium and the minimum incubation time of 4 h, the numbers of bacteria per milliliter could be increased to a level detectable by the membrane filtration system. Many human illnesses associated with food-borne bacterial pathogens are caused by <103 organisms m'1.
Therefore, it is assumed that further studies could produce methodology utilizing M467 that could increase the sensitivity that we have achieved with the ELISA system. We have shown, for example, that prior incubation of the medium containing the Salmonella spp. in enrichment medium increased the number of organisms to a level detectable by both diagnostic methods described.
We have found that the ELISA used with the membrane system is not acceptable when used with foods such as milk which contain high levels of alkaline phosphatase. Likewise, in experiments not described, we have used horseradish peroxidase-labeled M467 and found it unsuitable when used with foods with high levels of peroxidase activity. It is likely that a system utilizing polystyrene balls (2) coated with POL would provide an alternative to the membrane system since the balls could be removed from the presence of endogenous alkaline phosphatase and be washed before the reaction with substrate. Laboratories equipped for the use of radioisotopes might use the radioimmunoassay with labeled M467 to circumvent the problems of natural alkaline phosphatase and peroxidase activity in some foods.
We have described two methods which use the "natural" monoclonal antibody M467 to detect the presence of Salmonella spp. Further work with M467 should lead to improved methodology with increased sensitivity as well as additional uses for the immunoglobulin A myeloma protein in the food industry.
